A Gram-stain-negative, yellow-pigmented bacterial strain, designated PR0302
The genus Sphingomonas is a member of the family Sphingomonadaceae and was first proposed by Yabuuchi et al. [1] with Sphingomonas paucimobilis as the type species; the description was emended by Yabuuchi et al. [2] , Takeuchi et al. [3] , Yabuuchi et al. [4] , Busse et al. [5] and Chen et al. [6] . The genus Sphingomonas has been subdivided into five genera, Sphingomonas, Sphingobium, Novosphingobium, Sphingopyxis and Sphingosinicella. At the time of writing, the genus Sphingomonas comprises 108 recognized species. In this genus, cells are Gram-stain-negative, non-spore forming, rod-shaped, non-motile or motile, strictly aerobic and chemo-organotrophic [6] . Colonies are yellow, offwhite or colourless [6] . Major fatty acids are C 18 : 1 !7c and/ or C 18 : 1 !6c, C 18 : 1 , and C 16 : 0 and/or C 17 : 1 and predominant 2-hydroxy fatty acids are C 14 : 0 2-OH or C 15 : 0 2-OH [6] . Sphingoglycolipid is a characteristic polar lipid and the major respiratory quinone is Q-10 [6] . The major polyamine is sym-homospermidine [6] . The DNA G+C content ranges from 62.0 to 68.0 mol% [6] .
Strain PR0302
T was isolated from a biofilm growing on the surface of a car evaporator. The evaporator cores were disassembled from one sports utility vehicle and four saloon cars that had operated for more than one year in Korea. Aluminium heat exchanger fins were harvested from the evaporator cores using sterilized long-nosed pliers. Harvested aluminium fins were blended with phosphatebuffered saline (pH 7.4) and plated on R2A agar using a standard dilution plating technique. After plating, plates were incubated at 28 C for 7 days and a yellow-pigmented bacterial strain, PR0302
T , was isolated.
T was deposited in the Korea Agricultural Culture Collection (KACC) of South Korea and the NITE Biological Resource Center (NBRC) of Japan.
The 16S rRNA gene sequence was determined as described by Kim [7] . The 16S rRNA gene sequence of strain PR0302 T was compared with sequences of bacterial type strains from the EzBioCloud server database (http://ezbiocloud.net) [8] , and sequences from strain PR0302
T and related taxa (retrieved from the NCBI database) were aligned with SINA (v1.2.11) according to the SILVA seed alignment [9] . Phylogenetic trees were reconstructed by the maximum-likelihood [10] and maximum-parsimony [11] methods using the MEGA7 software program [12] . In each case bootstrap values were calculated based on 1000 replications [13] . There were a total of 1338 positions in the final dataset.
DNA-DNA hybridization experiments were performed between strain PR0302
T and the two reference strains Sphingomonas kyeonggiensis KACC 17173
T and Sphingomonas ginsenosidimutans KACC 14949 T according to the method of Ezaki et al. [14] using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA hybridization experiments were performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the remaining three values were used to calculate similarity values. The DNA hybridization values are expressed as the mean±SD of the three values. The signal produced by self-hybridization was taken as 100 %.
To verify strain PR0302
T as a member of the genus Sphingomonas, PCR was performed with two specific primer pairs (Sph-spt 295f/Sph-spt 713r, Sph-spt 694f/Sph-spt 983r) targeting a Sphingomonas-specific sphingolipid synthesis gene, the serine palmitoyltransferase gene (spt), according to Yim et al. [15] . The expected DNA fragments produced by PCR amplification with the Sph-spt primer sets were 408 and 289 bp, respectively.
Bacterial growth at 4, 15, 20, 25, 28, 37, 40 and 45 C was assessed after 5 days of incubation in R2A broth. The pH range for growth was determined after 5 days of incubation at 25 C in R2A broth adjusted to pH 5.0-10.0 at intervals of 0.5 pH units by using citrate-NaH 2 PO 4 buffer (pH 5.0-6.0), NaH 2 PO 4 -Na 2 HPO 4 buffer (pH 6.5-8.0), Tris-HCl buffer (pH 8.5-9.0) and Na 2 CO 3 -NaHCO 3 buffer (pH 9.5-10.0) [16] . Tolerance to NaCl was tested in R2A broth supplemented with 0, 0.5, 1 and 1.5 % (w/v) NaCl after 5 days of incubation. Growth of strain PR0302
T was tested on R2A agar (Difco), Luria-Bertani agar (Difco), nutrient agar (Difco) and trypticase soy agar (Difco) at 25 C for 5 days. Growth under anaerobic conditions was determined with an anaerobic atmosphere generation bag (Sigma).
The Gram reaction of strain PR0302
T was determined using a Color Gram 2 kit (bioM erieux). Cellular morphology was observed under an inverted light microscope (AXIO; Zeiss) with cells grown for 2 days at 25 C on R2A agar. Oxidase and catalase activities were tested using Oxidase Reagent and ID Color Catalase Reagent, respectively (bioM erieux). Degradation of casein, cellulose, chitin, DNA and starch was determined using the methods of Smibert et al. [17] and Ten et al.
[18] after 7 days of incubation. Other physiological and biochemical characteristics were examined with API 20NE and API ZYM systems (bioM erieux) according to the manufacturer's instructions. Cells of strain PR0302
T grown on R2A agar at 25 C for 2 days were used for API tests.
Fatty acids were extracted, methylated and separated by GC (model 6890; Hewlett Packard) according to the protocol of the Sherlock Microbial Identification System after strain PR0302 T and related species in the genus Sphingomonas were grown on R2A agar for 3 days at 25 C in our laboratory. The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database using the TSBA 6 database of the Microbial Identification System [19] . Fatty acid analysis was performed in triplicate.
Isoprenoid quinones were extracted according to the method of Komagata et al. [20] , and analysed using reversed-phase HPLC with a YMC ODS-A (250Â4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (2 : 1, v/v) using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 275 nm.
Polar lipids were extracted according to the procedures described by Minnikin et al. [21] and separated by twodimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/ methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley et al. [22] . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents [20, 21] and with Dragendorff's reagent (Sigma). Polyamines were extracted and analysed according to Schenkel et al. [23] . Determination of DNA G+C content (mol%) was examined by realtime PCR analysis [24] . T (96.95 %). The phylogenetic tree generated with the maximum-likelihood method showed that strain PR0302
T was grouped with members of the genus Sphingomonas (Fig. 1) . The phylogenetic tree obtained via the maximum-parsimony method also showed a clear placement of strain PR0302
T within the genus Sphingomonas. Strain PR0302
T clustered with Sphingomonas japonica KC 7 T and Sphingomonas yantingensis 1007 T in the maximum-likelihood tree, but this was not supported by a high bootstrap value. Clustering with other species of the genus Sphingomonas varied between the treeing methods.
The DNA-DNA hybridization values between strain PR0302 T and Sphingomonas kyeonggiensis KACC 17173
T and Sphingomonas ginsenosidimutans KACC 14949 T were 25.43±1.10 and 6.08±0.29 %, respectively, which were all below the threshold value of 70 % proposed for species discrimination by Wayne et al. [25] . These results support the suggestion that strain PR0302
T represents a novel species distinct from closely related species of the genus Sphingomonas.
The primer set Sph-spt 295f/Sph-spt 713r produced negative amplification with two non-specific fragments while the primer set Sph-spt 694f/Sph-spt 983r produced specific amplification (289 bp DNA fragment). These results suggest that strain PR0302
T is capable of sphingolipid synthesis and belongs to the genus Sphingomonas.
Cells of strain PR0302
T were Gram-stain-negative, strictly aerobic, non-spore-forming, rod-shaped and 0.7-1.0Â2.3-3.8 µm in size. Colonies were circular with entire edges, convex, opaque, smooth and yellowish on R2A agar. The strain grew on Luria-Bertani agar (Difco), trypticase soy agar (Difco), nutrient agar (Difco) and R2A agar (Difco). The temperature range for growth was 15-37 C, with optimum growth at 25 C. The pH range for growth was pH 6.0-8.0, with optimum growth at pH 7.0. The NaCl tolerance range was 0-1 % (w/v), with optimum growth at 0 % (w/v). The strain was positive for catalase and oxidase. Starch was hydrolysed, but casein, cellulose, chitin and DNA were not.
Sphingomonas mucosissima CP173-2 T (AM229669)
Sphingomonas panaciterrae DCY91 T (KF915801)
Sphingomonas dokdonensis DS-4 T (DQ178975)
Sphingomonas kyungheensis THG-B283 T (JN196137) 
Sphingomonas ginsenosidimutans Gsoil 1429 T (HM204925)

Sphingomonas yunnanensis YIM 003 T (AY894691)
Sphingomonas endophytica YIM 65583 T (HM629444)
Sphingomonas phyllosphaerae FA2 T (KE386571)
Sphingomonas kyeonggiensis THG-DT81 T (KC252615)
Sphingomonas naasensis KIS18-15 T (KC735149)
Sphingomonas pituitosa EDIV T (AJ243751)
Sphingomonas trueperi LMG 2142 T (X97776)
Sphingomonas azotifigens NBRC 15497 T (AB217471)
Spnigomonas carri PR0302 T (KP185150)
Sphingomonas japonica KC7 T (AB428568)
Sphingomonas yantingensis 1007 T (JX566547)
Sphingomonas aerophila 5413J-26 T (KC735148) The morphological, physiological and biochemical characteristics that differentiate strain PR0302
Sphingomonas abaci C42 T (AJ575817)
Sphingomonas guangdongensis 9NM-8 T (JQ608326)
Sphingomonas metalli 9O-5 T (KU053645)
T from closely related species in the genus Sphingomonas are detailed in Table 1 .
The cellular fatty acid profiles of strain PR0302 T and related species in the genus Sphingomonas are shown in Table 2 . Strain PR0302
T and the type strains of the closely related species contained C 16 : 0 , summed feature 8 (C 18 : 1 !7c and/ or C 18 : 1 !6c) and C 14 : 0 2-OH as the major cellular fatty acids. The fatty acid profile of strain PR0302
T was similar to those of members of the genus Sphingomonas, but with minor differences. Strain PR0302
T contained a higher proportion of C 14 : 0 , C 16 : 0 , C 18 : 0 and C 14 : 0 2-OH but lower proportion of 11-methyl C 18 : 1 !7c, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) compared with reference strains of the genus Sphingomonas. In addition, C 18 : 1 2-OH was only observed in strain PR0302
T . The predominant ubiquinone of strain PR0302
T was Q-10, which was typical for members of the genus Sphingomonas. The polar lipids of strain PR0302 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, sphingoglycolipid, one unidentified aminophospholipid, two unidentified glycolipids, three unidentified lipids and two unidentified phospholipids (Fig. 2) . The polar lipids of strain PR0302
T were similar to those of the type strains of other species of the genus Sphingomonas. Sphingoglycolipid, a characteristic polar lipid of members of the genus Sphingomonas, was a major polar lipid of strain PR0302
T . The presence of an unidentified aminophospholipid and glycolipids distinguished the polar lipid profile of strain PR0302
T from those of its closely related reference strains. The polyamine of strain PR0302
T was sym-homospermidine. The DNA G+C content of strain PR0302 T was 67.8±0.5 mol%, which lies within the range for all other species of the genus Sphingomonas with validly published names.
Therefore, on the basis of the data presented here, we suggest that strain PR0302
T represents a novel species in the genus Sphingomonas, for which the name Sphingomonas carri sp. nov. is proposed. T . All data were obtained from this study. All strains are positive in tests for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains are negative in tests for nitrate reduction, indole production, glucose fermentation, assimilation of D-mannitol, capric acid, trisodium citrate and phenylacetic acid, and activity of arginine dihydrolase, urease, lipase (C14), a-mannosidase and a-fucosidase. +, Positive; (+), weakly positive; À, negative. Aesculin hydrolysis -
Assimilation of:
Adipic acid
Enzyme activities of: T . All data were obtained from this study. All strains were collected after growth on R2A agar at 28 C for 3 days. Values are percentages of the total fatty acids, and only fatty acids representing more than 1 % for at least one of the strains are shown. À, Not detected; TR, trace amounts (<1 %). Sphingomonas carri (car¢ri. L. gen. n. carri of a vehicle).
Fatty
Cells are Gram-stain-negative, strictly aerobic, non-sporeforming, rod-shaped, 0.7-1.0 in width and 2.3-3.8 µm in length after cultivation for 2 days at 25 C on R2A agar. Colonies on R2A agar are circular with entire edges, convex, opaque, smooth and yellow-pigmented. Aerobic growth occurs on Luria-Bertani agar, trypticase soy agar, nutrient agar and R2A agar. Growth occurs aerobically at 15-37 C (optimum, 25 C) and at pH 6.0-8.0 (optimum, 7.0). Cells grow in the absence of NaCl, but can tolerate 1 % (w/v) NaCl. Catalase-positive and oxidase-positive. Starch is hydrolysed, but casein, cellulose, chitin and DNA are not. Nitrate is not reduced to nitrite. Indole is not produced. Aesculin, arginine and gelatin are not hydrolysed. Produces alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase (weakly) and a-glucosidase. 
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